Oxalic and oxamic acids are the ultimate and more persistent by-products of the degradation of 12 N-heteroaromatics by electrochemical advanced oxidation processes (EAOPs). In this paper, 13 the kinetics and oxidative paths of these acids have been studied for several EAOPs using a 14 boron-doped diamond (BDD) anode and a stainless steel or an air-diffusion cathode. 
Abstract 11
Oxalic and oxamic acids are the ultimate and more persistent by-products of the degradation of 12 N-heteroaromatics by electrochemical advanced oxidation processes (EAOPs). In this paper, 13 the kinetics and oxidative paths of these acids have been studied for several EAOPs using a 14 boron-doped diamond (BDD) anode and a stainless steel or an air-diffusion cathode. less is known about the mineralization of oxamic acid by photochemical treatments. 53
The most typical electrochemical AOP (EAOP) is anodic oxidation (AO) in which organic 54 pollutants contained in an electrolytic cell can be oxidized at the anode surface either by direct 55 charge transfer and/or with
• OH generated from water oxidation at high current. For a boron-56 doped diamond (BDD) electrode, the formation of hydroxyl radical can be written as reaction 57
(1) (Marselli et The number of electrons (n) consumed was taken as 2 for oxalic acid and 10 for oxamic acid, 161 assuming that their overall mineralization corresponds to reactions (5) and (6), respectively: 162 discharge zone indicates that they react predominantly with BDD(
• OH) at the anode surface. 199
Photochemical degradation of oxalic and oxamic acids and their iron complexes 200
A series of trials was made to assess the degradation effect of the 6 W UVA light on 100 201 mL of the 2.08 mM acid solutions in the absence and presence of 0.5 mM Fe 2+ or 0.5 mM 202
Fe 3+ . The evolution of each compound was monitored by ion-exclusion chromatography, 203 which displayed a well-defined adsorption peak at retention time of 6.8 min for oxalic acid 204 and 9.4 min for oxamic acid. Fig. 2a and 2b show that both acids are very stable under UVA 205 irradiation, as expected if they are not directly photolyzed. In contrast, their iron complexes 206 are photodegraded at different rate depending on the acid and iron ion tested. The fastest 207 removal was found for the UVA-Fe 3+ treatment of oxalic acid, which disappears in about 150 208 min. Overall destruction of this acid is also feasible using UVA-Fe 2+ , although a longer time 209
close to 360 min is required. The kinetic analysis of these experiments showed good linear 210 correlations for a pseudo first-order reaction. The pseudo first-order rate constant (k oxalic ) thus 211 determined, along the corresponding square of regression coefficient, are collected in Table 1 . 212
The quick photodegradation of Fe(III)-oxalate complexes can be accounted for by the high 213 photoactivity of their dominant ionic species by reactions (7) and (8) UVA-Fe 3+ treatments, respectively. This is also reflected in the low pseudo first-order rate 250 constant (k oxamic ) values obtained (see Table 1 ). As can be seen in Fig. 3, a larger From the above results, the reaction sequence of Fig. 4 can also be oxidized to CO 2 at the BDD anode, although reactions with BDD(
• OH) are much 297 slower than the photodegradation of Fe(III) species with UVA light. A slow oxidation of 298 oxalic acid, in equilibrium with the above complexes, at the anode is also feasible. 299
Mineralization of oxamic acid by EAOPs 300
The degradation of 2.08 mM oxamic acid solutions by the same EAOPs always followed 301 a pseudo first-order abatement. Fig. 2b by BDD(
• OH) than that of oxamic acid by direct charge transfer. Comparison of Fig. 2a and  306 2b evidences that AO-BDD-Fe 2+ and EF-BDD methods are more effective for the abatement 307 of oxamic than oxalic acid, in agreement with the higher oxidation ability of Fe(III)-oxamate 308 species at BDD (see Fig. 1b) . Fig. 2b Table 1 ). This deceleration of oxalic acid removal is due to the progressive 342 former accounts for the drop in k oxamic , whereas the much greater photoactivity of the latter 348 justifies the slight increase in k oxalic . A slower removal of oxamic acid is then expected as its 349 content decreases, without significant effect on oxalic acid decay. 350
Effect of current density and Fe 2+ content on the mineralization of oxamic acid by AO-351

BDD-Fe
2+ -UVA 352
The abatement of TOC and oxamic acid content between 16.6 and 100 mA cm -2 for the 353 most potent AO-BDD-Fe 2+ -UVA process is presented in Fig. 5a and 5b, respectively. The rise 354 in current density accelerates the decay of both parameters, enhancing the oxidation power of 355 the process. The time required for overall mineralization (see Fig. 5a ) is slightly longer than 356 that needed for total destruction of the acid (see Fig. 5b The evolution of NH 4 + and NO 3 − ions detected during 360 min in the above experiments is 368 shown in Fig. 6a and 6b, 
